The rapid improvement in blood oxygenation has been observed in patients with acute respiratory failure placed in a prone position. The gravitational effect relieves upper airway narrowing in the prone position, resulting in an improvement in sleep quality. This study examined the effect of the prone position on autonomic nerve activity and cardiovascular function. Seven healthy adults (mean age 25.2 ± 10.6 years) enrolled in this study. The heart rate variability as a marker of autonomic activity, lactate value as a maker of fatigue, vascular function (brachial-ankle pulse wave velocity; baPWV), and blood pressure in the supine and prone position were evaluated. The heart rate variability was calculated using an electrocardiogram to measure the RR interval. The high-frequency (HF) and low-frequency /high-frequency (LF/HF) were calculated on baseline, after 30-min in the supine and prone position. The ratio of baseline HF to that after 30-min significantly increased in the prone position than the supine position. The ratio of baseline LF/HF to that after 30-min in the prone position significantly decreased compared to the supine position. Meanwhile, the ratio of the baseline LF to that after 30-min did not show any significant difference in the prone position in comparison to the supine position. There were no significant differences on lactate value, baPWV and blood pressure change. The prone position might therefore have a beneficial effect on the autonomic function.
INTRODUCTION
Recent advances in critical care medicine and rehabilitation have demonstrated the significance of prone position therapy, which has been utilized for the treatment of patients with acute respiratory distress syndrome (ARDS) [1, 2] and acute respiratory failure [3] in intensive care unit. The function of the diaphragm on spontaneous-and artificialrespiration was studied using 3-dimensional computer tomography in healthy adults, in which the diaphragmatic muscle tone during sleep were diminished in the supine position and it was increased in the prone position [4] . An improvement of PaO 2 by 10 mm Hg or more was observed in patients with *Address correspondence to this author at the Department of Biomedical Sciences, Chubu University. 1200, Matsumoto-cho, Kasugai-shi, Aichi 487-8501, Japan; Tel: +81-568-51-9906; Fax: +81-568-51-5370; E-mail: anoda@isc.chubu.ac.jp ARDS after 30-min in the prone position; however, returning the patients to the supine position reversed the improvement in gas exchange [5] . Respiratory care in prone position in a patient with respiratory failure might improve oxygenation efficiency and ventilation-perfusion mismatch [6] .
A possible mechanism of the prone position to improve oxygenation even in healthy people as well as treating the hypoxemic patients with ARDS might be the correction in mismatch of the ventilation-perfusion ratio through the positional relationship [2] . An upper airway is obstructive when the negative pressure on respiration overcomes the upper airway patency during sleep [7] . Another mechanism of the prone position to improve oxygenation and to stabilize respiration might be relieving upper airway narrowing during sleep [8] . Moreover, the autonomic activity during prone position might affect oxygenation or respiration. For example, in patients with coronary artery disease, the parasympathetic activity in the supine position was significantly lower than that in the prone position [9] . Since the effects of the prone position on autonomic activity and cardiovascular function are mostly unknown, we investigated them in healthy volunteers.
MATERIALS AND METHODS

Subjects
In seven healthy students (mean age 25.2 ± 10.6 years), the autonomic activity, fatigue, vascular function, and blood pressure in the supine and prone position were evaluated. All measurements at baseline were performed in the supine position after 15 minutes bed rest, then the subjects were randomly allocated to rest on a bed in the supine or prone position for 30 minutes. The study protocol was approved by the appropriate institutional review committee, and the subjects provided written consent to participation after being informed in detail of the purpose and methods of the study.
Autonomic Activity Evaluation
Holter electrocardiogram (recorded with a NASA lead; placed on the upper segment of the sternum and on the ensiform process) was recorded to measure the RR interval. A heart rate variability (Memcalc/Win GMS Co. Tokyo, Japan) was calculated from the 5 minutes segments of RR interval records. The low-frequency (LF) band (0.04 to 0.15 Hz), high-frequency (HF) band (0.15 to 0.40 Hz) and the ratio of LF to HF (LF/HF) were calculated on baseline and in the supine and prone position after 30-min. The LF and HF components were measured in ms 2 and are expressed as power and normalized HF and LF were calculated as = HF/(HF+LF) 100 or =LF/(HF+LF) 100. From the clinical view point, it has been generally accept that the HF component mainly reflects parasympathetic activity, LF reflects parasympathetic and sympathetic activity and LF/HF reflects sympathetic activity [10] .
Fatigue Evaluation
Lactate in blood was measured using Lactate Pro (LT-1710; Arkray Inc., Kyoto, Japan). The blood of 5 μl or more was drawn from the end of the forefinger by the injection needle, then put on the check chip that contained the reagent, and the lactic acid value was measured. Measurement was at baseline and after 30-min in the supine and prone position.
Brachial-Ankle Pulse Wave Velocity Measurement
The brachial-ankle pulse wave velocity (baPWV) was measured using a volume-plethysmographic apparatus (PWV/ABI, Omron Colin, Tokyo, Japan) according to methods previously reported [11, 12] . The device recorded baPWV, blood pressure, ECG and heart sounds simultaneously. ECG electrodes were placed on both wrists, and a heart sound microphone was placed on the left sternal border. The cuffs to measure baPWV were wrapped around both the upper arms and ankles, and connected to a plethysmographic sensor that determined volume pulse form. Volume waveforms were stored for a sampling time of 10 seconds with automatic gain analysis and quality adjustment. The time delay from the ascending point of the brachial artery waveform to the ascending point of each tibial artery waveform ( Tba) was determined. The distance of each segment (Lb-La) was automatically calculated based on the patient's height and was derived from statistical studies. Then, the baPWV was calculated using the formula: baPWV = LaLb/ Tba (cm/s). The baPWV was measured at baseline and after 30-min in supine and prone position.
Statistical Analysis
Data are presented as the means ± SD, and were analyzed by paired t-test. All analyses were performed with the Statview statistical software package (SAS Institute Inc; Cary, NC). A P value of <0.05 was considered to be statistically significant.
RESULTS
The HF measured by the spectral analysis of heart rate variability increased at 30-min after the prone position, and LF/HF tended to decrease at 30-min after the prone position. There was no significant difference in the LF between at baseline and at 30-min after the prone position. The normalized HF increased at 30-min after the prone position, and normalized LF tended to decrease at 30-min after the prone position ( Table 1) . 
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The ratio of baseline HF to that 30-min after significantly increased in the prone position than the supine position (2.5±2.1 vs 1.0±1.0, P=0.041). There was no significant difference in the ratio of baseline LF to that 30-min after between in the supine and prone position. The ratio of baseline normalized HF to that 30-min after significantly increased in the prone position than the supine position (1.5±0.5 vs 0.9±0.1, P=0.041). The ratio of baseline normalized LF to that 30-min after significantly decreased in the prone position than the supine position (0.7±0.1 vs 1.0±0.1, P=0.013). The ratio of baseline LF/HF to that 30-min after significantly decreased in the prone position than the supine position (0.5±0.2 vs 1.2±0.2, P=0.025) ( Table 2 ).
There was no significant difference in the value of lactic acid between the baseline and 30-min after in either the prone or supine position. There was no significant difference in the baPWV between baseline and 30-min after in either the prone or supine position ( Table 1) .
DISCUSSION
The ratio of HF significantly increased and the ratio of LF/HF also significantly decreased in the prone position compared with those in the supine position. HF and LF/HF did not show any significant differences between supine and prone position. There were no significant differences on lactate value, baPWV and blood pressure. Our findings suggest that the prone position might have a significant effect on parasympathetic activity even in healthy volunteers.
This study demonstrated that the HF reflecting the parasympathetic activity increased and the LF/HF reflecting the sympathetic activity [10] decreased in the prone position in comparison with the supine position. Several mechanisms might be involved in the beneficial effect of the prone position on autonomic modulation. A volume overload in right atrium causes momentary control of the discharge in the noradrenergic activity, resulting in a change in the autonomic activity [13] . The prone position may play an important role in the change of autonomic activity thorough the volume receptor in the right atrium. Turning prone position from supine position eliminates the compressive force of the heart on dorsal lung regions. This change will lower the inspiratory pressure required to obtain maximal air-space recruitment; and lower the end-expiratory pressure required to maintain maximal air-space recruitment [2] . Arterial blood oxygen tension was increased in the prone position because of an correction in ventilation and perfusion mismatching, which is secondary to increased homogeneity of the ventilation distribution and increased correlation of regional ventilation and perfusion [14, 15] The volume receptor in the right atrium, lessening the compression of the lungs by the heart and the improvement in oxygenation in the prone position, is the possible mechanism of the improvement in cardiac vagal modulation.
Previous studies demonstrated the relationship between sleep problems and autonomic function. Insomnia patients with objectively determined short sleep duration reduced parasympathetic activity as indicated by decreased HF [16] . The increased chemoreflex gain in patients with obstructive sleep apnea resulted in tonic chemoreflex activation even during normoxia, with consequent increased sympathetic activity [17] . Increased sympathetic activity relates with morbidity and mortality of cardiovascular disease [18] . Thus, our finding that the prone position enhanced the parasympathetic activity in healthy volunteers suggests that the prone sleep position might be beneficial to prevent developing cardiovascular diseases for patients with sleep disorders and sleep disordered-breathing.
There was no significant difference between supine and prone positions in the lactic acid reflecting the muscle fatigue [19] . The baPWV would identify patients with a high risk of amalgamation of cardiovascular disease related to arteriosclerosis [20, 21] , however, we found that there was no significant difference in the baPWV between the supine and prone position. Moreover, there was no significant difference in the blood pressure between the supine and prone position. Daily sleep position might influence sleep quality. Therefore, further evaluation will be necessary to determine the effect of the prone position on the cardiovascular function and sleep quality.
CONCLUSION
The ratio of HF at baseline to 30-min after prone position significantly increased and the ratio of baseline LF/HF to that 30-min after prone position was also intentionally reduced compared to those on supine position. The prone positioning might therefore have a beneficial effect on the autonomic function, and the further evaluation, long term randomized control trial and case-control study, is needed to clarify the long term effect of the prone position on cardiovascular function.
LIST OF ABBREVIATIONS
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